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INTRODUCTION

Sphalerite, the cubic polymorph of ZnS, exhibits a wide 
range of compositional variations in natural specimens (e.g., 
Pattrick et al. 1993, 1998; Axelsson and Rodushkin 2001) where 
other metal cations can replace Zn in the tetrahedral site. One 
consequence is that sphalerite is the major source not only of 
Zn, but also of Cd, In, Ge, and Ga. The concentration of such 
impurities in sphalerite is relevant to ore-processing technology, 
greater knowledge potentially improving the recovery of both 
Zn and the secondary products. In addition, sphalerite is of 
technological interest as a II-VI semiconductor, particularly 
because of its wide band-gap. This band gap may be adjusted 
or tuned by replacing an appropriate number of Zn atoms by other 
cations with interesting paramagnetic properties, such as Fe, Mn, 
and Co, producing the so-called Diluted Magnetic Systems, DMS 
[e.g., see Furdyna (1988) for Mn-based DMS and Twardowksi 
(1990) for Fe-based DMS]. 

In many sphalerite crystals, the extent of substitution of Zn 
by other cations can vary throughout the crystal, with the de-
velopment of discrete compositional bands of widths that range 
in scale from centimeters to micrometers. Coupled substitution 
mechanisms (e.g., Cu+In for Zn) are responsible for the more 
unusual banded sphalerites, found only in few localities, and 
in ores important for the recovery of In and Ge (Johan 1988; 
Kieft and Damman 1990; Pattrick et al. 1993). The refractory 
behavior of sphalerite has been well documented (Craig and 
Vaughan 1994; Lepetit et al. 2003, and references therein), and 

the compositional variations in banded crystals are commonly 
believed to reß ect physico-chemical variations that took place 
during crystal growth, rather than post-depositional re-equilibra-
tion processes (although with some exceptions; e.g., Roedder 
and Dwornik 1968). Provided that the precipitation of sphalerite 
has taken place in equilibrium with a suitable buffering mineral 
assemblage, the composition of the sphalerite may be used as an 
indicator of formation conditions (e.g., Scott 1973; Cook 1996). 
Similarly, any compositional zoning may be used as a tool to 
reconstruct the evolution of the physico-chemical conditions in 
the precipitating ß uid during crystal growth. 

Because of its petrological applications, compositional zon-
ing in minerals has been studied extensively in recent years. In 
particular, an increasing number of authors have pointed out 
that zoning reß ects self-organized non-equilibrium processes 
that may occur, under particular circumstances, during crystal 
growth (Ortoleva 1990; Reeder et al. 1990; Sultan et al. 1990; 
L̓ Heureux 1993; Holten et al. 1997, 2000; Katsev and L̓ Heureux 
2001, L̓ Heureux and Jamtveit 2002). Holten et al. (1997) rec-
ognized two main mechanisms responsible for compositional 
zoning: �external� processes related to large-scale variations of 
mineralizing ß uid composition in open systems; and �internal� 
processes taking place, at a smaller scale, in systems that can 
be considered closed. The internal processes are characterized 
by self-organized phenomena that may arise as a consequence 
of ß uctuations, instability, chaotic behavior, and evolutionary 
trends that have been observed not only in mineralogy, but also 
in other Þ elds such as physics, chemistry, biology, and environ-
mental sciences (Bjørkum and Walderhaug 1990; Chadam and 
Ortoleva 1990; Walgraef 1990; Wei and Ortoleva 1990; Dewers * E-mail: dibenefr@geo.uniÞ .it
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ABSTRACT

A series of natural sphalerite samples, characterized by an inhomogeneous (zonal) distribution of 
Fe, Mn, and Cd atoms substituting for Zn, has been investigated by electron probe microanalysis and 
X-ray element distribution mapping. The cation distributions are markedly inhomogeneous due to the 
reciprocal effects of the minor elements on their respective solubilities. In particular, zonal partitioning 
between Fe and Mn and between both cations and Hg was observed in sphalerite, as well as coupled 
Cu-In and Cu-Fe substitutions. Distinctly different distribution patterns were identiÞ ed in Mn-free 
samples with a low Fe-content, as compared to Mn-bearing samples. In the former case, Fe and Cd 
distribution patterns are very similar, whereas in the latter case, Cd is distributed homogeneously and 
Mn and Fe patterns are antithetic. The different oscillatory zoning observed in Mn-free samples is 
attributed to a fast, self-organized solute (Fe, Cd) deposition, although an alternative external origin 
cannot be ruled out. On the other hand, in the presence of Mn, zoning may be related to an absorp-
tion process at the mineral-ß uid interface controlled by a competition between Mn and Fe that may 
explain the observed limited coupled concentration of these elements in sphalerite. The homogeneous 
distribution of Cd suggests relatively slow crystal growth. 


